IMPORTANCE Aortic clamping technique has been implicated in stroke risk at the time of on-pump coronary artery bypass grafting (CABG) procedures. We hypothesized that partial aortic clamping (PAC) use in performing proximal coronary anastomosis does not increase risk of stroke.
A lthough rare, stroke following coronary artery bypass grafting (CABG) continues to be a significant lifealtering major morbidity. The etiology of stroke after CABG is multifactorial. [1] [2] [3] Atherosclerotic aortic emboli from ascending aortic manipulation, and hemodynamic changes during cardiopulmonary bypass (CPB) in the setting of cerebrovascular disease, have been implicated to cause postoperative stroke after CABG. 2 In an effort to minimize aortic manipulation and avoid CPB, the technique of off-pump CABG was developed and became an accepted method of performing CABG with good outcomes in experienced centers. [4] [5] [6] However, the potential reduction of postoperative stroke in off-pump CABG has not been definitively proven. [7] [8] [9] Several well-designed, large, multicenter, prospective, randomized trials failed to demonstrate any significant risk reduction of postoperative stroke in off-pump CABG compared with traditional on-pump CABG. [10] [11] [12] Stroke prevention in cardiac surgery has been a recent initiative championed by national societies such as the Society of Thoracic Surgeons (STS) as an overall effort to improve quality of care. [13] [14] [15] Recent literature has suggested that the use of side-biting partial aortic clamping (PAC) in conventional onpump CABG procedures for performing proximal anastomosis increases the risk of postoperative stroke. 16, 17 Nevertheless, several high-volume, high-performing cardiac surgery centers continued to perform on-pump CABG using the PAC technique with relatively low stroke rates, and controversy exists on whether use of the PAC technique increases postoperative stroke risk. [18] [19] [20] We hypothesized that the use of PAC for proximal coronary anastomosis is not associated with increased incidence of postoperative stroke in on-pump CABG.
Methods

Data Source
Data were obtained from the institutional STS adult cardiac surgery database of the University of Pittsburgh Medical Center. The database was maintained by trained professionals using versions 2.52.1, 2.61, and 2.73 and included standard STSdefined patient-level variables and outcomes including predicted risk of postoperative stroke (PROPS) and predicted risk of mortality (PROM) scores. 21 The use of single aortic clamping (SAC) or side-biting PAC for performing proximal coronary artery anastomosis is an institution-specific data field captured since 2005. The institutional review board at the University of Pittsburgh Medical Center approved this study and granted a waiver of consent owing to the retrospective nature of the study.
Patient Population
After excluding cases of missing records, off-pump CABG, and previous cardiac operations, we identified 1819 consecutive patients who underwent conventional, isolated, nonemergent, arrested-heart, on-pump CABG from January 1, 2005, to December 31, 2013. Postoperative stroke was defined according to STS criteria as any confirmed neurological deficit of abrupt onset that did not resolve within 24 hours. Delirium was not considered postoperative stroke if it resolved completely prior to discharge. An overwhelming majority of postoperative stroke was confirmed by a board-certified neurologist and/or brain imaging. Institutional STS data including STS PROPS and PROM scores were used to compare outcomes between patients who underwent CABG with the use of SAC (n = 1107) and patients who underwent CABG with the use of side-biting PAC (n = 712) for the performance of proximal coronary artery anastomosis. The decision to use SAC or PAC for performance of proximal coronary artery anastomosis was left to the discretion of the attending cardiac surgeon.
Study End Points
The primary end point of the study was occurrence of postoperative stroke within 30 days of operation, defined according to STS criteria as any confirmed neurological deficit of abrupt onset that did not resolve within 24 hours. 21 The secondary end point was the incidence of 30-day mortality.
Statistical Analysis
Data from categorical variables were summarized as proportions, which were compared between groups by using the χ 2 test or the Fisher exact test when appropriate. Data from continuous variables were summarized as means (with standard deviations), which were compared between groups by using the t test. P < .05 was considered statistically significant. (Table) . Despite a similar number of distal coronary anastomoses (Table) , there were significant differences in myocardial ischemic and CPB times between the 2 groups. (Figure) . The 30-day observed mortality rates, the secondary outcome, between the SAC and PAC groups (21 of 1107 patients [1.9%] vs 13 of 712 patients [1.8%], respectively; P > .99) were equally low and congruent with STS PROM (Table) .
Results
Patients in the SAC
Discussion
In this single-institution retrospective observational study, we demonstrated that the use of PAC for performing proximal coronary anastomosis in CABG is not associated with increased risk of postoperative stroke or mortality when compared with the SAC technique. Both groups of patients had similarly low predicted and observed postoperative stroke rates (Figure) . Although the incidences of postoperative stroke were similar, there were statistically significant differences in some notable intraoperative parameters between groups. Specifically, the SAC group had 5% shorter CPB time and 10% longer myocardial ischemic time compared with the PAC group despite a similar number of distal coronary anastomoses.
Logic dictates that minimizing manipulation of the ascending aorta during CABG should decrease the risk of distal emboli from aortic atherosclerotic debris causing stroke. However, this theory has not been proven as evidenced by several large, multicenter, prospective, randomized trials in off-pump vs on-pump CABG. [10] [11] [12] In on-pump CABG, literature continues to be conflicting regarding use of the proximal anastomotic technique of SAC vs PAC in terms of stroke risk. 17, 20, [22] [23] [24] More striking was a recent study by Daniel et al, 16 who demonstrated in a retrospective observational propensity score study of 706 patients that PAC use was associated with 2.6 times higher incidence of postoperative stroke compared with SAC in patients undergoing on-pump CABG. However, in our current study of 1819 patients, we were unable to demonstrate any statistical difference in the incidence of postoperative stroke in the SAC vs PAC groups with similar STS PROPS scores. Because postoperative stroke is one of the most potentially devastating complications in patients undergoing CABG, the STS adult cardiac surgery database developed a predictive risk model using 25 patient-level and procedure-specific variables to arrive at the STS PROPS score. [13] [14] [15] We used the well-validated STS PROPS score in risk adjusting our 2 groups of patients undergoing SAC vs PAC techniques and found no observable difference in the actual incidence of postoperative stroke in a large sample of patients. Previous studies on the topic of SAC vs PAC technique had relatively low numbers of patients and were mostly published more than a decade ago. 16, 17, 20, [22] [23] [24] Our contemporary study of 1819 patients represents one of the largest studies to date to associate postoperative stroke risk with the SAC vs PAC technique of performing proximal coronary anastomosis. Although our sample size was relatively robust, our study may have type II statistical error in measuring a relatively lowfrequency outcome such as incidence of postoperative stroke. Assuming 2.6 times increased risk of postoperative stroke when using PAC compared with SAC in patients undergoing CABG as reported by the most recent study, 16 our current study of 1819 patients should be able to detect such a striking difference with α of .05 and power of 0.8. We were unable to demonstrate such a difference in postoperative stroke risk despite the adequately powered sample size. Other limitations of our study were those inherent to retrospective design, including but not limited to se- 
